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therefore, decreases the lipid metabolism, which translates into hypertriglyceridemia and hypercholesterolemia (PANCIERA, 1994) in 88% and 78% of dogs with hypothyroidism, respectively . As for thyroid hormones, factors such as gender and breed can affect lipid metabolism in canines (PASQUINI et al., 2008; SHEERER et al., 2013) .
To the best of our knowledge, there have been no reports in the literature of Bulldog (French and English) variations in hormones and metabolites used for diagnosing hypothyroidism in these breeds. If these variations are present, they have not been considered when establishing international cut-off values for the hormones used in the diagnosis of canine hypothyroidism . It is possible that hypothyroidism could be, primarily in its early stages, a misdiagnosed pathology (subclinical hypothyroidism) (CASTILLO, 2011) perpetuating the signs of thyroid hormone deficiency over time (PANCIERA et al., 2012) . The aim of this study was to contribute to the knowledge of the endocrine-metabolic thyroid status in healthy Bulldogs (French and English), and determine whether there were differences in the concentrations of serum hormones used for the diagnosis of canine hypothyroidism (TT4, FT4, and TSH). We also sought to study cholesterol and triglyceride levels as a function of breed and gender.
Materials and methods
The experimental design of our study was approved by the Honorary Commission of Animal Experimentation of the University of the Republic, Uruguay. The sample population comprised 67 clinically healthy, privately owned dogs that ranged in age from 1-9 years. Twenty of these animals were English Bulldogs of both sexes (9 males and 11 females, all intact), and 17 were French Bulldogs of both sexes (6 males and 11 females, all intact). Two sub-populations of adult dogs were used as a control group: German Shepherds (7 males and 8 females, all intact) and mongrel canines (8 males and 7 females, all intact). The inclusion criteria included the absence of any clinical signs at the time of blood collection and no history of disease or use of drugs that could affect serum levels of thyroid hormones, TSH, cholesterol or triglycerides 3 months prior to participation. Pregnant or lactating females were not included. Blood samples were collected at private veterinary clinics, after a fast of at least eight hours, by venipuncture from the cephalic vein in tubes with no anticoagulant that were properly labeled and centrifuged at 3000 rpm for 15 minutes. The obtained sera were preserved at -20 °C until further analysis.
Hormone and biochemical analyses were performed at the Laboratory of Endocrinology and Animal Metabolism, Faculty of Veterinary Medicine, University of the Republic of Uruguay. Serum concentrations of TT4, FT4, and TSH were determined using a solid-phase competitive chemiluminescent enzyme immunoassay (IMMULITE 1000) and commercial test kits (Siemens, Diagnostic Product Corporation, Los Angeles, CA, USA). The sensitivity of the TT4 assay was 1.54 nmol/L; the intra-assay coefficients of variation for the first canine thyroid commercial control (11.58 nmol/dL) and second canine thyroid commercial control (23.17 nmol/L) (Siemens, Diagnostic Product Corporation) were 2.4% and 5.9%, respectively. The inter-assay coefficients of variation were 6.4% and 3.5%, respectively. The sensitivity of the FT4 assay was 1.67 pmol/L; the intra-assay coefficients for the first commercial control (14.16 pmol/L) and second commercial control (34.75 pmol/L) (Lypochek Immunoassay Plus Control Kit, Bio-Rad, CA, USA) were 2.5% and 3.7%, respectively. The interassay coefficients were 4.7% and 7.6%, respectively. The sensitivity of the TSH assay was 2.83 mIU/L; the intra-assay coefficients of variation for the first canine thyroid commercial control (14.36 mIU/L) and second canine thyroid commercial control (112.61 mIU/L) were 2.1% and 1.7%, respectively. The inter-assay coefficients were 2.9% and 4.7%, respectively (Siemens, Diagnostic Product Corporation).
The intracoefficients of variation for the cholesterol commercial controls I (3.55 mmol/L) and II (6.13 mmol/L) (Biosystems, Barcelona, Spain; Biochemistry Control Serum I and II) were 2.2% and 1.6%, respectively. The inter-assay coefficients were 3.0% and 3.4%, respectively. The intracoefficients of variation for the triglyceride commercial controls I (0.65 mmol/L) and II (2.32 mmol/L) (Biosystems, Biochemistry Control Serum I and II), were 2.5% and 1.7%, respectively. The inter-assay coefficients were 4.0% and 3.6%, respectively.
Total cholesterol, triglycerides, TT4, FT4, and TSH concentrations were analyzed using a mixed procedure (PROC MIXED Statistical Analysis System, SAS). We included breed, gender, and their interactions as fixed effects in the model. The age variable was included as a covariate in the model. A natural log-transformation was applied to the TSH and triglycerides concentrations to obtain a normal distribution for the analyses. The data were then back-transformed in order to present the results. P values less than 0.05 were considered to be statistically significant, and P values between 0.05 and 0.10 were considered to indicate a trend.
results
The effects of breed and gender on the concentrations of the different hormones and metabolites determined in this study are summarized in Tables 1 and 2 , respectively. Serum levels of the variables studied in these breeds were within the international reference ranges for the general canine population .
Mean serum concentrations of TT4 and FT4 varied significantly among breeds (P = 0.0012 and P = 0.0001, respectively). English and French Bulldog breeds did not differ in concentrations of serum TT4 and FT4. While English Bulldogs had higher serum TT4 concentrations compared with German Shepherds (P = 0.0003) and mongrels (P = 0.0016), French Bulldogs only presented higher concentrations of TT4 than German Shepherds (P = 0.0469; Fig. 1A ). English Bulldogs had significantly higher serum FT4 concentrations than German Shepherds (P = 0.0001) and mongrels (P = 0.0039). Likewise, French Bulldogs had significantly higher serum FT4 concentrations than German Shepherds (P = 0.001) and mongrels (P = 0.0431; Fig. 1B) . Among the control groups, no differences were found in the serum concentrations of TT4 and FT4. The mean serum concentration of TT4 did not differ as a function of gender. However, the FT4 concentration was significantly higher in females than in males (P = 0.0309; Fig. 2 ). Regarding serum TSH concentrations, no significant differences were found as a function of breed or gender. No differences were found between breeds or genders in terms of serum cholesterol or triglycerides concentrations. We accordingly concluded that there are no significant interactions between breed or gender and the concentrations of the hormones and metabolites we studied. 
Discussion
Like most purebred dogs, Bulldogs undergo purposeful breeding; any effect on reproduction has considerable clinical importance. Since it has been reported that hypothyroidism causes reversible reproductive abnormalities in dogs (PANCIERA et al., 2012) and these breeds face many reproductive difficulties (WYDOOGHE et al., 2013) , a correct diagnosis of hypothyroidism is essential. Furthermore, levels of metabolites and hormones used for the diagnosis of hypothyroidism may vary due to factors such as breed (SHIEL et al., 2007; PANAKOVA et al., 2008; HEGSTAD-DAVIES et al., 2015) and gender (REIMERS et al., 1984; SHIEL et al., 2010; HEGSTAD-DAVIES et al., 2015) . As a result, reliable reference values with which to compare the results of an individual test are needed. Even so, we did not find previous research that examined the effects of breed and gender on the serum concentrations of these hormones in healthy French and English Bulldogs.
We observed an effect of breed on the serum concentrations of TT4 and FT4: higher levels of both hormones were noted in English and French Bulldogs. Although we did not find other studies that contradicted our results, previous canine studies have reported a strong effect of breed on serum concentrations. Consistent with our results, HEGSTAD-DAVIES et al. (2015) found that mean TT4 and FT4 values differed significantly among breeds; Samoyed, Siberian Husky, and Keeshond breeds exhibited the highest mean values. On the other hand, Greyhounds, Sloughis, Alaskan sled dogs, and Scottish Deerhounds exhibited TT4 and FT4 serum concentrations below the internationally established reference range for the canine population (GAUGHAN and BRUYETTE, 2001; LEE et al., 2004; SHIEL et al., 2007; PANAKOVA et al., 2008) . Scottish Deerhounds were only measured for TT4 (SHEERER et al., 2013) . In contrast, VAN GEFFEN et al. (2006) observed significant variations only in serum TT4 levels of healthy Whippets, which were lower than those of control groups of different breeds. Although the mechanisms for breed-specific differences in these hormones are not known, it is possible that regulatory processes, such as thyroid hormone receptor function and affinity, may contribute to breed differences (HEGSTAD-DAVIES et al., 2015) . In Beagles euthyroid lean dogs had lower TT4 values than obese dogs (DAMINET et al., 2003) . Moreover, Greyhounds, a lean breed, have TT4 and FT4 serum concentrations below the internationally established reference range for the canine population (GAUGHAN and BRUYETTE, 2001) . These data are concordant with our results: Bulldogs, an overweight breed (CORBEE, 2013), had higher TT4 and FT4 serum concentrations than the control groups. In the evolution of other species, a compensatory equilibrium has been reported in which high circulating hormone concentrations compensate for decreased hormone tissue sensitivity (i.e., low receptor concentration) (CHROUSOS et al., 1982; YOUNG et al., 1995) . Therefore, it can be proposed that the higher thyroid hormone levels in healthy Bulldogs could be a compensatory response to hypothyroid tissues, resulting in naturally occurring excess weight.
There are some contradictory findings regarding serum TSH levels. Some authors did not report breed differences (GAUGHAN and BRUYETTE, 2001 ; VAN GEFFEN et al., 2006; SHIEL et al., 2007; SEAVERS et al., 2008) , and others found a higher concentration of TSH in Collies, Samoyeds and Keeshonds compared with the general canine reference ranges (HEGSTAD-DAVIES et al., 2015) . However, there was no potential feedback effect of high TSH euthyroid levels on TT4 or FT4 concentrations, as it has been reported for the Sloughi breed (PANAKOVA et al., 2008) .
We noted that breed did not have an effect on serum cholesterol or triglyceride concentrations, as has been previously reported (BARRIE et al., 1993; DOWNS et al., 1993; SEAVERS et al., 2008) . In addition, USUI et al. (2015) , in a recent study that included French Bulldogs and other dog breeds, found no breed association between triglyceride concentrations. The highest cholesterol concentrations were found in Miniature Schnauzers, a canine breed already known for its innate hyperlipidemia (WHITNEY et al., 1993) . Our results are consistent with those of USUI et al. (2015) : higher lipid concentrations are relatively uncommon in healthy canines and are typically associated with specific breeds.
We found that serum FT4 concentrations were higher in female dogs than male dogs. However, serum concentrations of TT4 and TSH did not differ between the sexes. These findings are consistent with those reported by HEGSTAD-DAVIES et al. (2015) . These authors found higher levels of serum TT4 and FT4 concentrations -but not TSH -in females. Similar results have been observed in the Saluki breed -females had higher TT4 and FT4 levels than males (SHIEL et al., 2010) . In contrast, other authors did not find gender differences (BENAVIDES and OSORIO, 2009; PATKAR et al., 2014; MOSALLANEJAD et al., 2015; OSORIO and SUÁREZ, 2016) . However, these studies did not include possible sources of variations in thyroid hormone concentrations, such as breed and age.
No differences were found between either cholesterol or triglyceride concentrations and gender, as was reported previously (DOWNS et al., 1993; COPPO et al., 2003; OSORIO, 2006; OSORIO, 2009) . However, several studies have shown that serum cholesterol and triglyceride concentrations were significantly higher in females than in males (PASQUINI et al., 2008; PESSINA et al., 2009; . These discrepancies may be attributable to different factors influencing lipid metabolism, such as lifestyle and diet (DOWNS et al., 1993; PASQUINI et al., 2008) as well as the method of analysis of the respective studies (OSORIO, 2009 ).
In conclusion, concentrations of TT4 and FT4 were higher in French and English Bulldog breeds. Only serum FT4 levels varied with gender (i.e., higher in females).
